SOLAR PHYSICS

Dynamo theory questioned
Observations of X-ray emission -a diagnostic tool for the mechanisms driving stellar magnetic fields -from four cool stars call into question accepted models of magnetic-field generation in the Sun and stars. See Letter p.526
PA U L C H A R B O N N E A U
E very star, including the Sun, hosts a magnetic field. One of the most notable products of stellar magnetic activity is X-ray emission ( Fig. 1) , most of which comes from active regions -areas on a star's surface where the magnetic field concentrates and whose best-known examples are sunspot groups. The commonly accepted theory of stellar magnetic-field generation is based on a dynamo process of electromagnetic induction: the mechanical energy of internal and surface plasma flows is converted into magnetic energy. According to this theory, less than one-tenth of 1% of the Sun's total luminosity is sufficient to drive the solar magnetic cycle, heat the corona, accelerate the solar wind and power all the eruptive phenomena that collectively make up solar activity.
But on page 526, Wright and Drake 1 show that the details of the dynamo theory still escape us. They report on the X-ray emissions from four stars detected by the Chandra and ROSAT space observatories. These stars are substantially colder than the Sun and have a different internal structure. If the chain of physical mechanisms that lead to X-ray emission in the Sun conformed to the dynamo theory, we would expect a different pattern of X-ray emission from these stars. Yet, Wright and Drake show that their X-ray emissions have the same pattern as the Sun's. In this composite image, extreme ultraviolet (red-yellow) was measured by the Solar Dynamics Observatory; low-energy X-rays (green) were measured by the Hinode spacecraft; and high-energy X-rays (blue) were measured by the Nuclear Spectroscopic Telescope Array. Wright and Drake 1 present observations of X-ray emissions from four stars that cannot be explained by currently accepted models of the solar dynamo.
The solar-surface magnetic field can be observed in great detail because of the Sun's proximity to Earth. Such observations have revealed several spatiotemporal patterns that are driven by the dynamo. Perhaps most notably, polarity reversals occur with a regular 11-year period, and magnetically active regions are found to emerge ever closer to the solar equator as activity cycles unfold 2 . Conversely, observations of the activity of other stars are usually restricted to surface-averaged,
of X-rays as solar-type stars that harbour a tachocline. However, all previously reported stars of this type are fast rotators, and therefore fall on the plateau region of the diagram that plots the relationship between X-ray emission and rotation rate (see the red circles in Fig. 1 of the paper 1 ), meaning that the details of the internal dynamo action might well be lost.
Enter Wright and Drake. The authors have uncovered the X-ray emissions from four slowly rotating, fully convective stars, and all four fall on the slope part of the X-ray emission-behaviour profile. X-ray emissions therefore scale identically with the Rossby number (the ratio of convective flow speed to rotation rate) in stars with and without a tachocline.The authors thus argue that the tachocline cannot be an essential ingredient for stellar dynamo action, as it is in the currently accepted theory.
There are several possible ways to explain this quandary. Perhaps low-mass stars are not fully convective all the way down to their centres. Or maybe the pattern of stellar X-ray emission is dominated by a re-organization of the magnetic field that occurs in the stellar upper atmosphere 5 , thus losing its 'memory' of the magnetic field's dynamo origin. And, of course, a tachocline might indeed be non-essential.
Numerical simulations 6, 7 of global solar convection have demonstrated that solar-like large-scale magnetic fields undergoing regular polarity reversals can be produced wholly within a convection zone, without the need to extend the simulation down to the depth of the tachocline. Some of these simulations even generate rope-like structures of magnetic flux that rise to the top of the simulation domain in a solar-like manner 8, 9 . 
Antibiotics right under our nose
Bacteria that are normally resident in the body have many roles in supporting health. Researchers have now identified a bacterial resident of the nose that produces an antibiotic that is active against a pathogen. See Article p.511
K I M L E W I S & P H I L I P ST R A N D W I T Z
T here is immense clinical concern about the rise of antibiotic-resistant 'superbugs' -such as strains of the bacterium Staphylococcus aureus known as methicillinresistant S. aureus (MRSA) that have developed resistance to several key antibiotics. Faced with the growth of resistant strains of bacteria, finding more antibiotics is an urgent necessity. Most antibiotics have been isolated from soil-living bacteria, but on page 511, Zipperer et al. 1 identify an antibiotic produced by a bacterial resident of the human nose that is active against strains of MRSA.
Staphylococcus aureus is an opportunistic human pathogen and, in addition to causing MRSA infections, is responsible for many 1 used co-occurrence analysis of the human microbiota (the bacterial community in the body) to identify bacteria that do not co-occur with a target pathogenic bacterium. These candidate competitor bacterial strains were tested individually for the ability to inhibit growth of the pathogen, and those that did were then cultured and screened to see whether they conferred colonization resistance in an animal model. An antibiotic compound responsible for pathogen inhibition was isolated by the authors, and the compound, or the microbes that produce it, might be developed as therapeutics.
infections, including those of the bloodstream (bacteraemia) and the lining of the heart (endocarditis), or infections surrounding prosthetic implants. S. aureus is found in the noses of around 30% of the population. This has prompted efforts to decolonize the nose with various antibiotics 2 -a controversial practice, considering efforts to reduce antibiotic use. But how is it that 70% of the population resist colonization by S. aureus?
The presence of several nasal bacteria, including other Staphylococcus species, is negatively correlated with the presence of S. aureus. But the mechanism that underlies this distribution pattern -and the presumed inhibition of S. aureus invasion (known as colonization resistance) -has been a mystery 3 . To investigate this potential bacterial antagonism, Zipperer and colleagues screened 90 Staphylococcus samples from the human nasal cavity, including many Staphylococcus species, to test for S. aureus growth inhibition.
One strain, Staphylococcus lugdunensis,
